The present study examined whether people become more susceptible to capture by salient objects as they age. Participants searched a target display for a letter in a specific color and indicated its identity. In Experiment 1, this target display was preceded by a non-informative cue display containing one target-color box, one ignored-color box, and two white boxes. On half of the trials, this cue display also contained a salient-but-irrelevant abrupt onset. To assess capture by the target-color cue, we used the N2pc component of the event-related potential, thought to reflect attentional allocation to the left or right visual field. The target-color box in the cue display produced a substantial N2pc effect for younger adults and, most importantly, this effect was not diminished by the presence of an abrupt onset. Therefore, the abrupt onset was unable to capture attention away from the target-color cue. Critically, older adults demonstrated the same resistance to capture by the abrupt onset. Experiment 2 extended these findings to irrelevant color singleton cues. Thus, we argue that the ability to attend to relevant stimuli and resist capture by salient-but-irrelevant stimuli is preserved with advancing age.
Cognitive control is critical for optimizing performance in the face of multiple stimuli and multiple tasks, both in the workplace and in everyday activities. Aging research has accrued evidence that cognitive control ability declines with age, either as a result of generalized slowing, processing-resource decrements, or increased neural noise (e.g., Allen, Ruthruff, & Lien, 2007; Kramer & Madden, 2008; Salthouse & Madden, 2008; West & Bowry, 2005) . Other studies have also revealed that specific aspects of cognitive control remain intact with age, such as the ability to establish proper task sets in the face of multiple competing tasks and multiple stimuli (e.g., Allen et al., 2002; Andrés, 2009; Bojko, Kramer, & Peterson, 2004; Hartley, Kieley, & Slabach, 1990; Lien, Ruthruff, & Kuhns, 2008; Madden, Whiting, Cabeza, & Huettel, 2004 ). The present study examined possible age-related deficits in one type of cognitive control known as the involuntary capture of spatial attention.
It is well-established that our spatial attention is controlled via voluntary and involuntary attentional processes. Voluntary attention refers to a deliberate (consciously willed) effort to attend a stimulus, whereas involuntary attention refers to an unintentional (stimulus-driven) allocation of attention to a stimulus, as when one rapidly orients to a bug scuttling across the floor. The combination of these two modes enable us to both stay focused on the most relevant task at hand and yet to also respond to unexpected events that might pose a threat (see e.g., Bundesen, 1990; Duncan & Humphreys, 1989) .
While there is some consensus regarding the factors driving the voluntary control (see Chun & Wolfe, 2001; Yantis, 1998 , for reviews), there is still intense debate regarding what factors drive involuntary attention control (e.g., Becker, 2007; Ruz & Lupiánez, 2002) . According to the stimulus saliency view, certain types of salient stimuli, such as an abrupt onset or a singleton (when all objects in view have the same feature along some dimension, except for the one singleton object), can capture attention irrespective of current goals (e.g., Hickey, McDonald, & Theeuwes, 2006; Schreij, Owens, & Theeuwes, 2008; Theeuwes, 1994 Theeuwes, , 2004 . On the other hand, according to the contingent capture view, involuntary capture depends not on stimulus salience but rather on a match between stimulus properties and what the observer is looking for (for evidence with samples of younger adults, see e.g., Folk, Remington, & Johnston, 1992; Kiss, Jolicaeur, Dell'Acqua, & Eimer, 2008; Lien, Ruthruff, & Cornett, 2010; Lien, Ruthruff, Goodin, & Remington, 2008) .
The present study focused on whether normal adult aging is characterized by an increase in susceptibility to involuntary capture by salient, irrelevant objects. That is, there might be a gradual shift from contingent capture to capture by salience. Such a hypothesized shift would seem to follow naturally from the widely held belief that cognitive control ability generally declines with age (e.g., Kramer & Madden, 2008; West & Bowry, 2005) . To test this hypothesis, we used both electrophysiological and behavioral measures.
Involuntary Attention Capture
Theories of involuntary attention capture differ widely in the relative importance of stimulus characteristics and attentional con-trol settings. For instance, Yantis and Jonides (1984; Experiment 1) had participants look for the presence/absence of a prespecified target letter (e.g., the letter H). The target was revealed by gradually removing camouflaging premasks in some trials and appeared as an abrupt stimulus onset in other trials. When the target did not have an abrupt onset, response times (RTs) increased as the display set size increased from 2 to 4. When the target had an abrupt onset, however, RTs increased very little as the display size increased. Yantis and Jonides concluded that the abrupt onset elicited an initial, rapid, and involuntary deployment of spatial attention to its location. Theeuwes (1994) later extended this finding to color singletons. He found that the simultaneous presence of an irrelevant color singleton prolonged the response to the target. He therefore concluded that attention capture depends critically on salience. Specifically, the most salient objects in a display capture attention involuntarily, regardless of the current top-down attentional set (e.g., Hickey et al., 2006; Theeuwes, 2004) .
The effectiveness of salient objects in capturing attention has been challenged by . They tested whether salient objects captured attention in previous studies because they happened to match the features participants used to find the target (i.e., actually were, in a sense, task-relevant). Their study used a cuing paradigm, where a cue display was presented prior to the target display. They manipulated both the type of cue (onset vs. color) and the type of target (onset target vs. color target). In the cue display, four boxes were positioned at the vertices of an imagery diamond. In the onset cue condition, a set of four white dots abruptly appeared, surrounding one box. In the color cue condition, dots were presented around all four boxes, but one set was colored in red and the others in white. In the onset target condition, a single target character (X or ϭ) appeared inside one of the boxes, while the others were empty. In the color target condition, a character appeared in each of the boxes, but only one character (the target) was red. The cue provided no information about the target location (25% valid vs. 75% invalid). measured the cue validity effect (the difference in RT or proportion of errors [PE] between invalid trials and valid trials), as an indicator of attention capture by the cue. The logic was that if the cue captures attention involuntarily, then responses would be faster when the target immediately appeared in that same location (valid trials) than when it appeared in some other location (invalid trials). They found a cue validity effect only when the cue type matched the target type. Folk et al. concluded that it is not stimulus saliency per se that determines involuntary attention capture. Rather, attention capture is contingent on the top-down attentional settings (see also e.g., Bacon & Egeth, 1994; Kiss et al., 2008; Lien, Ruthruff, & Johnston, 2010) .
Aging and Involuntary Attention Capture
Aging is often associated with cognitive control decrements (e.g., Kramer & Madden, 2008; West & Bowry, 2005) . Thus, one might naturally expect age-related differences in the control of spatial attention as well (see Kramer, Scialfa, Peterson, & Irwin, 2001) . Some studies have in fact found that older adults are more susceptible to attentional capture by abrupt onsets (e.g., Juola, Koshino, Warner, McMickell, & Peterson, 2000; Pratt & Bellomo, 1999) . For instance, Pratt and Bellomo adopted Folk et al.'s (1992) design and examined age-related differences in cue validity effects. Consistent with Folk et al., Pratt and Bellomo (1999) found that, for both younger and older adults, the color cue captured attention and produced a cue validity effect on RT when participants were looking for a color target, but the onset cue did not. The findings from younger adults differed from Folk et al., however, in that color cues and onset cues produced equivalent cue validity effects for onset targets. In contrast to younger adults, older adults showed larger cue validity effects on RT for the onset cue than for the color cue. Pratt and Bellomo concluded that older adults are more susceptible to capture by abrupt onsets than younger adults, at least when looking for an onset target. Pratt and Bellomo's (1992) findings suggest that age-related differences exist in involuntary attention capture, which is consistent with studies showing that older adults produce exaggerated cuing validity effects with peripheral, abrupt onset cues (e.g., Brodeur & Enns, 1997; Folk & Hoyer, 1992; Greenwood, Parasuraman, & Haxby, 1993; Lincourt, Folk, & Hoyer, 1997) . Nevertheless, there are seemingly conflicting findings (e.g., Colcombe et al., 2003; Hartley et al., 1990) . For instance, Colcombe et al. (2003) had participants search for a color target while the distractor was an abrupt onset or search for an onset target while the distractor was a color singleton. There was also a control condition with neither an abrupt onset nor a color singleton. Target processing was disrupted by the presence of the distractors relative to the control condition, increasing RT. Furthermore, distractor effects were much larger for onset distractors than color distractors, suggesting that abrupt onsets have a greater ability to capture attention. Nevertheless, they also found equivalent capture effects for younger and older adults in both the onset and color distractor conditions. These findings suggest that older adults are no more likely to be captured by abrupt onsets (see also Cassavaugh, Kramer, & Irwin, 2003; Kramer, Hahn, Irwin, & Theeuwes, 1999) . Colcombe et al.'s (2003) findings, although suggestive, might not provide a sensitive test of age effects. In their study, the distractor and the target were presented simultaneously. Thus, the distractor had to compete with the target, weakening its ability to capture attention. Likewise, Pratt and Bellomo's (1999) findings also do not necessarily lead to any firm conclusions. Because they used a cuing paradigm (with the cue before the target), the irrelevant onset cue might have captured attention initially in the color target condition but then attention quickly returned to a neutral position prior to target onset (e.g., Kim & Cave, 1999 ; but see Folk & Remington, 2006) . This rapid-disengagement hypothesis could explain the absence of validity effects on RT for the onset cue in the color target condition. In addition, as pointed out by Pratt and Bellomo (1999) themselves, their use of singleton targets (e.g., a single target character in the onset target condition) might have encouraged participants to actively search for any singleton object (see e.g., Lamy & Egeth, 2003) . Thus, capture by the irrelevant color cues in the onset target condition might be a kind of contingent capture, in that the cue matched the current attentional control settings (looking for singletons).
The Present Study
The above criticisms highlight a need for further experiments using improved methods (with tighter control over attentional control settings) and a more sensitive, converging index of attention capture. The present study did so, by supplementing traditional behavioral measures (cue validity effects) with event-related potentials (ERPs), which provide a continuous measure of attentional allocation and may be more sensitive to age-related differences in attentional processes (e.g., Kok, 2000; Kramer, Fabiani, & Colcombe, 2006) .
The ERP component we used to examine whether salient stimuli captures visual attention is the N2pc effect (short for N2-posteriorcontralateral), which is an increased negativity over posterior scalp contralateral to an attended stimulus, starting roughly 200 ms after stimulus onset and lasting for about 100 ms (e.g., Luck & Hillyard, 1990 , 1994 . In other words, the ERP at a given electrode in the left hemisphere becomes more negative when spatial attention is directed to a right-hemifield stimulus (contralateral) than to a left-hemifield stimulus (ipsilateral), and vice versa. To calculate the observed N2pc effect with respect to a given lateralized stimulus, we use the following equation:
N2pc effect ϭ ERP contralateral to stimulus location Ϫ ERP ipsilateral to stimulus location
A negative N2pc effect indicates that spatial attention was allocated to the visual field containing that lateralized visual object. The N2pc effect can directly provide both temporal (when) and spatial (where) information regarding an attentional shift, which behavioral measures cannot. It is particularly useful in the present study because it allows us to examine attentional capture by salient, irrelevant stimuli occurring prior to target onset.
We used a task cuing paradigm, in which we assess capture by objects in the non-informative cue frame, presented just prior to the target frame. An advantage of this approach is that the salientbut-irrelevant cues do not need to compete for attention with a simultaneous target. Experiment 1 examined capture by abrupt onset cues, using a method developed by Lien et al. (2008, Experiment 3) . Experiment 2 examined possible age-related differences in capture by color singleton cues, using a design developed by Experiment 2) .
Experiment 1
Experiment 1 assessed age-related difference in capture by irrelevant abrupt onsets. Each participant was asked to look for either red targets or green targets. The target displays contained two colored letters (red and green) and two white letters. Participants were asked to search for a letter in a specific color. Because the target was not a singleton, a top-down attentional setting for that specific color is needed to perform the task correctly. Prior to the target display, we presented a noninformative cue display. The cue display contained one colored box that matched the color the participant was instructed to respond to in the target display (the target-color cue) and one colored box that did not match (the ignored-color cue). The other two boxes were white, which we refer to as neutral-color cues. Note that the boxes in the cue display merely changed color relative to the cue display, so these cues never had an abrupt onset.
1 For half of the trials, an abrupt onset (four white dots surrounding only one of the noncolored boxes) appeared simultaneously with the cue display.
The older adults' data in this experiment were compared to the younger adults' data, using the identical procedure in Experiment 3) . In that study, we found that the target-color cue captured attention, as indicated by a substantial N2pc effect, as well as cue validity effects on RT. Most importantly, a simultaneous abrupt onset did not diminish capture by a target-color cue, suggesting that the abrupt onset was unable to pull attention away. The primary question here is whether older adults will demonstrate the same resistance to capture by abrupt onsets.
Method
Participants. In addition to the sample of 18 younger adults from Experiment 3) , 19 older adults participated in this experiment. Data from two younger adults and two older adults were excluded due to excessive eye movement artifacts in the electroencephalographic data (see below for details). In addition, data from one older adult was excluded due to low accuracy (Ͻ80%). Thus, a total of 16 younger and 16 older adults were included in the final data analyses. Younger adults were undergraduates at Oregon State University who participated in exchange for extra course credit. Their mean age was 24 years (range: 18 -45 years). Older adults were individuals who resided in nearby communities. They were paid $25 for their participation. Their mean age was 68 years (range: 62-76 years). All participants reported normal or corrected-to-normal visual acuity. They also demonstrated normal color vision using the Ishihara Test for color deficiency. None reported having any cognitive neurophysiological dysfunction.
Apparatus and stimuli. All participants viewed the same displays (see Figure 1 for an example) but were given different instructions regarding which color to respond to. Three displays were used for each trial. The fixation display contained five boxes: A center box surrounded by four peripheral boxes placed at the corners of an imaginary square. Each peripheral box was equidistant from the center box (7.66°, center to center, based on an average viewing distance of 55 cm) and from adjacent peripheral boxes (10.81°, center to center). Each box was 2.39°ϫ 2.39°, drawn with thin (0.10°) white lines.
The cue display was similar to the fixation display, except that two boxes were colored in red and green (one was the target-color cue and the other one was the ignored-color cue). These two colors were always located in opposite hemifields. On half of the trials, four additional white, filled circles appeared around one of the four peripheral boxes (i.e., an abrupt onset). The dots were arranged in a diamond configuration, as shown in Figure 1 . The circles, which were 1.04°in diameter, were placed 0.31°from the edge of the box.
The target display consisted of the fixation display plus the addition of a letter (1.04°width ϫ 1.35°length ϫ 0.31°thick in Arial font) inside each of the four peripheral boxes. Each hemifield (left vs. right) contained one "T" and one "L." One of the letters was red, one was green, and two were white, with the restriction that the red and green items be located in different hemifields.
Design and procedure. Each trial started with the presentation of the fixation display for 1,200 ms. Then, as a warning signal, the center box turned off for 100 ms and back on for 1,200 ms to 1,400 ms (determined randomly). The cue display appeared for 50 ms and then was replaced by the fixation display for 100 ms. The target display then appeared for 50 ms. Thus, the interval between the onsets of the cue and target displays was 150 ms. Half of the participants for each age group responded to the red letter and half to the green letter. They were asked to quickly and accurately press the response button labeled "L" for the letter "L" and the response button labeled "T" for the letter "T." After a response was recorded, the next trial began with the 1,200 ms fixation display. Participants performed one practice block of 32 trials, followed by 16 experimental blocks of 64 trials each (a total of 1,024 experimental trials).
Two different cue conditions were intermixed within each block: onset and no onset. In the no-onset condition (50% of trials), the cue display contained only the target-color cue and ignored-color cue, on opposite sides. In the onset condition (50% of trials), the cue display also contained an abrupt onset around one of the two white boxes. The onset appeared equally often in the same side as the target-color cue as in the opposite side. These color cues and abrupt onsets appeared equally often in each location and did not reliably predict the target location. Therefore, the target-color cue appeared in the same location as the target on 25% of the trials (the valid condition) and in a different location on 75% of the trials (the invalid condition). The same validity proportion applied to the ignored-color cue and the abrupt onset. Although the validity manipulation is critical in the behavioral analyses, it is not critical for the N2pc effect analyses. The N2pc effect elicited by the target-color cue could be assessed both for valid and invalid trials.
EEG recording and analyses. The electroencephalographic (EEG) activity was recorded using Q-cap AgCl electrodes from F3, F4, C3, C4, T7, T8, P3, P4, P5, P6, PO5, PO6, O1, and O2. These sites and the right mastoid were recorded in relation to a reference electrode at the left mastoid. The ERP waveforms were then re-referenced offline to the average of the left and right mastoids. The horizontal electrooculogram (HEOG) was recorded bipolarly from electrodes at the outer canthi of both eyes, and vertical electrooculogram (VEOG) was recorded from electrodes above and below the midpoint of the left eye. Electrode impedance was kept below 5 k⍀. EEG, HEOG, and VEOG were amplified using Synamps2 (Neuroscan) with a gain of 2,000 and a bandpass of 0.1-100 Hz. The amplified signals were digitized at 500 Hz.
Trials with ocular artifacts were identified in two steps. First, trials with ocular artifacts were rejected automatically using a threshold of Ϯ 75V for a 1,000 ms epoch beginning 200 ms before cue onset to 800 ms after cue onset. Each of these candidate artifact trials was then inspected manually. Second, we computed for each participant average HEOG waveforms for left-target and right-target trials, separately, during the critical time windows (200 -300 ms and 350 -450 ms after the cue onset). Following Woodman and Luck (2003) , we included in the data analyses only participants whose average HEOG activity was less than Ϯ 3V during these time windows. We excluded two younger adults and two older adults for this reason.
The critical question in our study is whether the abrupt onset modulates the N2pc effect elicited by the target-color cue for younger and older adults. We therefore focused on the time window 200 -300 ms after cue onset to assess the N2pc effect elicited by the target-color cue. Specifically, the N2pc effect was measured as the mean amplitude during this time window for the electrode sites contralateral to the target-color cue location (e.g., the P5, O1, and PO5 electrode sites when the target-color cue was in the right hemifield) minus the mean amplitude for the electrode site ipsilateral to the target-color cue location (e.g., the P6, O2, and PO6 electrode sites when the target-color cue was in the right hemifield), relative to the mean amplitude during a 200 ms pre-cue baseline period.
Although our primary interest was whether the target-color cue captures attention and produces an N2pc effect, we also examined the target-elicited N2pc effect using the time window 350 -450 ms after cue onset, which translates to 200 -300 ms after target onset. To be consistent with the cue-elicited N2pc figures, we analyzed the target-elicited N2pc effect with respect to the target-color cue location (rather than the location of the target itself). When the target-color cue and the target are in the same hemifield, the target-elicited N2pc effect should be in the same direction In the cue display, the top-left box was red, the top-right box was green, and the other boxes were white. In the target display, the top-left letter "T" was red, the top-right letter "L" was green, the bottom-left letter "L" and the bottomright letter "T" were white. A color version is available at http:// people.oregonstate.edu/ϳlienm/AIAC%20Color%20Figure1.pdf as the cue-elicited N2pc effect. When they are in different hemifields, however, the target-elicited N2pc effect should have the opposite polarity to that of the cue-elicited N2pc effect.
Results
In addition to excluding trials with EEG artifacts, we excluded trials from the final analyses of behavioral data and ERP data if RT was less than 100 ms or greater than 2,000 ms for younger adults (0.11% of trials) and if RT was less than 100 ms or greater than 4,000 ms for older adults (0.14% of trials).
2 Rejection of trials with EEG artifacts led to the further elimination of 12.5% of trials for younger adults and of 6.4% for older adults, with no more than 25% rejected for any individual participant. Trials were also excluded from the RT and ERP analyses if the response was incorrect. Analysis of variance (ANOVA) was used for all statistical analyses. Whenever appropriate, p-values were adjusted using the Greenhouse-Geisser epsilon correction for nonsphericity.
Behavioral data analyses. Target location (same as the target-color cue, ignored-color cue, neutral cue, or onset cue) and onset condition (onset vs. no-onset) were not orthogonal factors and therefore could not be included in the same data analyses. Accordingly, we conducted two separate ANOVAs on RT and PE, one for the no-onset condition and one for the onset condition, as a function of age group (younger vs. older) and target location. Table 1 shows the mean RT and PE for each condition.
For the no-onset condition, older adults responded more slowly than younger adults (mean RTs of 684 ms and 532 ms, respectively), F(1, 30) ϭ 20.12, p Ͻ .0001, p 2 ϭ .40. RTs were shortest when the target appeared in the target-color cue location (M ϭ 559 ms), intermediate when it appeared in the ignored-color cue location (M ϭ 626 ms), and longest when it appeared in the neutralcolor cue location (M ϭ 640 ms), F(2, 60) ϭ 138.14, p Ͻ . . For younger adults, the effect size is nearly identical to that in the no-onset condition (50 ms), F Ͻ 1.0, suggesting that the presence of an abrupt onset has little effect on contingent capture by the targetcolor cue. For older adults, the cue validity effect by the targetcolor cue was even larger when the abrupt onset was present (149 ms) than when it was absent (99 ms), F(1, 15) ϭ 89.20, p Ͻ .0001, p 2 ϭ .86. Thus, for older adults, there was no evidence that the abrupt onset pulled attention away from the target-color cue; if anything, the abrupt onset actually enhanced the capture by the target-color cue.
For the PE data, older adults produced more errors than younger adults (.077 vs. .030, respectively), F(1, 30) ϭ 10.29, p Ͻ .05, p 2 ϭ .26. PEs were smallest when the target appeared in the target-color cue location (.025), intermediate when it appeared in the ignored-color cue location (.044) and in the neutral-color cue location (.063), and was largest when it appeared in the onset location (.081), F(3, 90) ϭ 31.63, p Ͻ .0001, p 2 ϭ .51. Pairwise comparisons showed that the PE was significantly different between every pair of target locations, Fs(1, 30) Ն 13.35, ps Ͻ .001, Figure 2 shows the average difference waveforms (the N2pc effect) for each condition, collapsed across the P5/P6, O1/O2, and PO5/PO6 electrode pairs. The difference waveform (i.e., the N2pc effect) was calculated for each electrode pair with respect to the cue location on each trial and then was analyzed as a function of age group (younger vs. older), onset condition (no onset vs. onset), target-color cue/target location (same vs. different hemifield), and electrode pair (P5/P6, O1/O2, vs. P05/PO6). As described above, the ERP data analyses focused on two different time windows: (a) 200 -300 ms after cue onset, where the target-color cue would produce an N2pc effect and (b) 350 -450 ms after cue onset (i.e., 200 -300 ms after target onset), where the target would produce an N2pc effect.
Cue-elicited N2pc effects. For the cue-elicited N2pc effect analyses, the overall N2pc effect was larger for the PO5/PO6 electrode pair (Ϫ0.801 V) than the P5/P6 and O1/O2 electrode pairs (Ϫ0.677 V vs. Ϫ0.533 V, respectively), F(2, 60) ϭ 15.29, p Ͻ .0001, p 2 ϭ .34. The cue-elicited N2pc effect did not differ significantly between the no-onset condition (Ϫ0.687 V) and the onset condition (Ϫ0.653 V), F Ͻ 1.0, suggesting that the simultaneous abrupt onset did not capture attention away from the target-color cue. Most importantly, both younger and older adults demonstrated similar resistance to capture by abrupt onsets, F Ͻ 1.0.
The three-way interaction between age group, onset condition, and cue-target location was significant, F(1, 30) ϭ 5.89, p Ͻ .05, p 2 ϭ .16. For younger adults, the difference in the cue-elicited N2pc effect between the same and different cue-target hemifields was larger in the onset condition than the no-onset condition. The pattern was reversed for older adults. That is, the difference in the cue-elicited N2pc effect between the same and different cue-target hemifields was larger in the no-onset condition than the onset condition (see Figure 2) . No other effects were significant.
Target-elicited N2pc effects. In this study, the critical N2pc effects are those triggered by the cue, but we also report the N2pc effects triggered by the target, for the sake of completeness. As noted above, we defined the N2pc effect with respect to the target-color cue (for consistency with the N2pc effect figures), the direction of the target-elicited N2pc effect would depend on whether the target-color cue and target appeared in the same or different hemifield. The target-elicited N2pc effect analyses (350 -450 ms after the cue onset) revealed that the overall N2pc effect was larger for the no-onset condition (0.469 V) than for the onset condition (0.310 V), F(1, 30) ϭ 5.64, p Ͻ .05, p 2 ϭ .16. The underlying cause for the small difference cannot be determined based on the present data. However, the data pattern is consistent with the hypothesis that the presence of the abrupt onset in the cue display impedes disengagement of attention from the target-color cue. In any case, note that any effect of the abrupt onset occurring this late is unlikely to reflect attentional capture by the abrupt onset (again, the onset did not produce an N2pc effect in the time period 200-300 ms after cue onset).
As predicted, the target-elicited N2pc effect was negative in the same cue-target hemifield condition (Ϫ0. Figure 2 . Grand average difference waveforms, calculated by subtracting activity in electrode sites ipsilateral to the target-color cue location from activity in electrode sites contralateral to the target-color cue location in Experiment 1. Data are plotted as a function of whether the target-color cue and the target were in the same hemifield or different hemifields for the no-onset condition and the onset condition, for younger adults and older adults. The unfilled rectangular boxes indicate the time window used to assess the N2pc effect: 200 -300 ms after cue onset (for the cue-elicited N2pc effect) and 350 -450 ms after cue onset (for the target-elicited N2pc effect). Negative is plotted upward and time zero represents cue onset.
cue-target location and electrode pairs was significant, F(2, 60) ϭ 28.89, p Ͻ .0001, p 2 ϭ .49. The target-elicited N2pc effects at the P5/P6 and PO5/PO6 electrode pairs were more negative than the O1/O2 electrode pair when the target-color cue and the target appeared in the same hemifield (Ϫ0.396 V, Ϫ0.432 V, and Ϫ0.299 V, respectively), but were more positive when they appeared in different hemifields (1.397 V, 1.392 V, and 0.674 V, respectively).
Discussion
Experiment 1 pitted the target-color cue against a simultaneous abrupt onset, following a design used by Experiment 3) with a sample of younger adults. In that study, when there was no onset, younger adults were captured by the target-color cue, as evidenced by a substantial N2pc effect and shorter RTs when the target appeared in the target-color cue location. Critically, there was no evidence that an abrupt onset was able to undermine contingent capture by the target-color cues. The present Experiment 1 took a further step and examined whether older adults demonstrate the same resistance to capture by abrupt onsets.
If top-down control ability declines with age, then older adults should be more likely to be distracted by the abrupt onset than younger adults. Thus, the simultaneous presence of an abrupt onset elsewhere in the visual field would prevent the target-color cue from capturing attention, delaying or diminishing the N2pc effect to the target-color cue. The data shown in Figure 2 did not support this prediction. Thus, older adults are no more likely than younger adults to be captured by abrupt onsets when they do not match top-down attentional settings.
The preceding discussion concerned whether the onsets modulated capture by the target-color cues. One can also ask whether the abrupt onsets captured attention themselves. The ERP data cannot address this issue because the mere presence of the abrupt onset could cause lateralized brain activity that is not necessarily attentional in nature. However, we can examine the behavioral data to see whether the abrupt onsets produced a cue validity effect. We found that mean RT was actually 45 ms longer when the target appeared in the location of the onset, F(1, 30) ϭ 81.27, p Ͻ .0001, p 2 ϭ .73, which is the opposite of what one would expect if the onset captured attention. This reverse cue validity effect was larger for older adults (Ϫ82 ms) than younger adults (Ϫ8 ms), F(1, 30) ϭ 40.12, p Ͻ .0001, p 2 ϭ .57, which might simply reflect forward masking of the target by the abrupt onset (e.g., Luck, Hillyard, Mouloua, & Hawkins, 1996) . In any case, the RT results provided no evidence that the abrupt onset captured attention.
One might argue that the type of abrupt onset in our study was not salient enough to capture attention. It should be noted, however, that the abrupt onset object (four white dots) we used is similar to that used by , which did capture attention when participants were set to look for an abrupt onset of the target. To verify that the abrupt onset in our study also has the ability to capture attention, we conducted a behavioral experiment with only younger adults.
As in , we presented a single, white letter in the target display. Participants were to determine whether the letter was a T or L (rather than looking for a letter in a particular color, as in the present Experiment 1). In the cue display, the exact same abrupt onset as in Experiment 1 was used as a cue, with the same validity (25% valid and 75% invalid). In this control experiment, the abrupt onset cue produced a substantial cue validity effect on RT of 22 Ϯ 6 ms (95% confident interval), F(1, 27) ϭ 55.98, p Ͻ .0001, p 2 ϭ .67, and .009 Ϯ .008 on PE, F(1, 27) ϭ 5.50, p Ͻ .05, p 2 ϭ .17. This control experiment demonstrates that our abrupt onsets are more than salient enough to capture attention when people were looking for an abrupt onset. At the same time, our Experiment 1 shows that these salient abrupt onsets have little or no power to capture attention when participants have no incentive to look for onsets. Our findings are consistent with Folk et al.'s contingent capture view that attentional capture by irrelevant, salient objects does not occur unless they match the top-down control setting in force at a given moment.
Alternatively, one could argue that the abrupt onset captured attention initially but released the attention back to the target-color cue location quickly during the 150-ms interval between cue onset and target onset. Such a rapid disengagement, however, should be visible in the N2pc data. Because the N2pc difference wave provides a continuous measure of attentional allocation (e.g., Eimer, 1996; Luck & Hillyard, 1990 , 1994 , even a temporary capture of attention by the abrupt onset could, in principle, be detected. Specifically, one would expect to see a delay of the N2pc effect elicited by the target-color cue in the onset condition compared to the no-onset condition. However, no such delay was evident for both younger and older adults. These findings converge on the conclusion that the target-color cue captured attention to its location despite the simultaneous presence of an abrupt onset.
Although Experiment 1 provided no evidence of capture by onsets, there were hints of capture by colored objects. With respect to the ignored-color cue (excluding trials where the target-color cue was valid), the comparison between the ignored-and neutralcolor cues revealed an overall cue validity effect of 22 ms, F(1, 30) ϭ 26.28, p Ͻ .0001, 2 ϭ .47. In addition, the cuing validity effect for the ignored-color cue was larger for older adults (39 ms) than younger adults (5 ms), F(1, 30) ϭ 15.94, p Ͻ .001, 2 ϭ .35. This interaction survived in the proportional cueing score analyses conducted to account for generalized slowing with increasing age.
3
Although this validity effect is only 22% as large as the validity effect for target-color cues, it seems to suggest that both younger and (especially) older adults were captured by the ignored-color cue to some degree. One hypothesis is that participants occasionally adopted a "color" search strategy to narrow down the search set from four to the two colored items (the other two letters in the target display were white), causing the colored cues to be attended. Or, equivalently, the participants' attentional set always included not only the relevant color but also an affinity for any color. 3 We followed Curran, Hills, Patterson, and Strauss (2001) and conducted proportional cueing scores to minimize the influence of overall RT differences between age groups. The scores were computed as
The proportion of invalid trials ( p invalid ) and valid trials ( p valid ) were 0.75 and 0.25. Results were similar to those of the mean RT analyses. The cuing validity score for the ignored-color cue were significantly larger for older adults than younger adults, F(1, 30) ϭ 14.55, p Ͻ .001.
According to this hypothesis, the observed capture by the ignoredcolor cue is still contingent on the top-down control setting (e.g., looking for a colored letter). Capture by colored objects will addressed more thoroughly in Experiment 2.
Experiment 2
Experiment 2 examined whether attention could be captured by a color singleton cue among a homogeneous background of other items in the same color (e.g., a red box among green background boxes), using the approach of Experiment 2) . The color singleton cue could be drawn in either the target color or non-target color. As in Experiment 1, the cue was non-informative (25% valid and 75% invalid).
Relative to Experiment 1, three methodological differences served to increase the chance that the color singleton cue would capture attention. First, to make the color singleton cue stand out against the background items, we used eight peripheral boxes instead of just four. Second, the center box was always drawn in the same color as the background items to ensure that the color singleton cue was the only object on the screen with a unique color. Third, to make the color singleton cue more perceptible, we doubled the duration of the cue display; we also doubled the duration of the cue-target interval and the target display.
An additional methodological difference served to further deter the use of singleton detection mode (looking for any color): we presented letters in four different colors (red, green, blue, and white) in the target display. Note that Experiment 1 used only two colored items, along with two white items, which might have subtly encouraged participants to search for a colored item. All participants viewed the same displays, but received different instructions regarding which target color to respond to. Experiment 2) , with a sample of younger adults, found that color singletons did not elicit involuntary attention capture unless they matched top-down control settings. That is, a cue validity effect on RT and an N2pc effect were obtained only for the target-color singleton cue, not the non-target-color singleton cues. The main question in the present Experiment 2 was whether older adults are more likely than younger adults to be captured by salient color singletons that do not match top-down control settings.
Method
Participants. There were 39 new participants (20 younger adults and 19 older adults). Data from five younger adults and four older adults were excluded because either their average HEOG was larger than Ϯ 3V during the critical time windows (200 -300 ms and 500 -600 ms after cue onset) or their EEG artifact rejection rate was more than 25%. Thus, data from 15 younger adults and 15 older adults participants were included in the final data analyses. The mean age for younger adults was 21 years (range: 18 -26 years) and the mean age for older adults was 65 years (range: 60 -77 years). In each age group, one third of the participants responded to the red letter, one third to the green letter, and one third to the blue letter. All reported normal or corrected-to-normal visual acuity. They also demonstrated normal color vision using the Ishihara Test for color deficiency. None reported cognitive, neurophysiological dysfunction.
Apparatus, stimuli, and procedure. The tasks and stimuli were the same as in Experiment 1, with the exceptions noted below. First, we added four peripheral boxes, identical to the original four boxes, arranged directly above, below, left, and right of the center box (see Figure 3) . The original four peripheral boxes remained in the same location as in Experiment 1, where the four letters could appear in the target display. In other words, the target letters never appeared inside the new peripheral boxes. The same constraint also applied to the color singletons. Participants were not informed of this manipulation. Second, we doubled the duration of the cue display and the target display from 50 ms to 100 ms, as well as the duration of the cue-target interval from 100 ms to 200 ms. Third, the letters in the target display were colored in red, green, blue, and white, with one serving as a target and the others as distractors.
We used three different color-singleton cue conditions (see Figure 3) , occurring equally often within each block. In the relevant singleton condition, the singleton contained the target color but the background boxes did not (e.g., the singleton cue was red but the background boxes were green in some trials and blue in others). In the irrelevant singleton condition, neither the singleton In these example displays, the target color is red. A color version is available at http://people.oregonstate.edu/ϳlienm/ AIAC%20Color%20Figure2.pdf nor the background boxes contained the target color. In the example of a red target, the singleton could be in green and background boxes were in blue, or vice versa. In the competing singleton condition, the singleton did not have the target color but the background boxes did. In the example of a red target, the singleton could be green or blue and the background boxes were always red. As in Experiment 1, the color singleton appeared in the same location as the target on 25% of trials (the valid condition) and in a different location on the remaining 75% of trials (the invalid condition). All participants received the same cue and target displays. However, the assignment of specific colors (red, green, and blue) to the relevant and irrelevant singletons was counterbalanced across participants. Participants performed one practice block of 32 trials, followed by 18 experimental blocks of 64 trials each (a total of 1,152 experimental trials).
Results
The data analysis was similar to that of Experiment 1. In addition to excluding trials with EEG artifacts, we excluded trials from the final analyses of behavioral data (RT and PE) and ERP data if RT was less than 100 ms or greater than 2,000 ms for younger adults (0.11%) and if RT was less than 100 ms or greater than 2,200 ms for older adults (0.10%). Rejection of trials with EEG artifacts led to the further elimination of 13.58% of trials for younger adults and of 9.72% for older adults, with no more than 25% rejected for any individual participant.
Behavioral data analyses. The behavioral data were analyzed as a function of age group (younger vs. older), singleton condition (relevant, irrelevant, and competing), and cue validity (valid vs. invalid) . Tables 2 and 3 show the mean RT and PE for each of these conditions.
For the RT data, older adults were slower than younger adults (672 ms vs. 546 ms), F(1, 28) ϭ 24.23, p Ͻ .0001, p 2 ϭ .46. The interaction between age and singleton condition was significant, F(2, 56) ϭ 3.62, p Ͻ .05, p 2 ϭ .11. Younger adults produced similar RT for all singleton conditions (545, 549, and 545 ms for the relevant, irrelevant, and competing singleton conditions, respectively), whereas older adults produced slightly shorter RTs in the irrelevant singleton condition (666 ms) than the relevant and competing singleton conditions (674 and 675 ms, respectively).
The overall cue validity effect (21 ms) was significant, F(1, 28) ϭ 10.99, p Ͻ .01, p 2 ϭ .28. In addition, the cue validity effect was larger, albeit not quite significantly, for older adults (33 ms) than younger adults (8 ms), F(1, 28) ϭ 4.13, p ϭ .0517, p 2 ϭ .13. Most importantly, cue validity interacted significantly with singleton condition, F(2, 56) ϭ 42.44, p Ͻ .0001, p 2 ϭ .60, and these two variables interacted significantly with age group, F(2, 56) ϭ 7.63, p Ͻ .01, p 2 ϭ .21 (see Figure 4) . Simple main effect analyses revealed that the cue validity effect was significant for the relevant singleton (63 ms), F(1, 28) ϭ 32.78, p Ͻ .0001, p 2 ϭ .54, but not for the irrelevant and competing singletons (5 and Ϫ6 ms, respectively), Fs Յ 1.32, ps Ն .2606, ps 2 Յ .04. Furthermore, the cue validity effect was larger for older adults (92 ms) than younger adults (33 ms) in the relevant singleton condition, F(1, 28) ϭ 7.12, p Ͻ .05, p 2 ϭ .20. Although the cue validity effect was numeri- 
Note. The standard error of the mean is shown in parentheses. cally larger for older adults (15 ms) than younger adults (Ϫ6 ms) in the irrelevant singleton condition, the interaction failed to reach statistical significance, F(1, 28) ϭ 3.30, p ϭ .0799, p 2 ϭ .11. For the competing singleton condition, the cue validity effect was negligible for older adults (-8 ms) and for younger adults (Ϫ4 ms), F Ͻ 1.0.
For the PE data, the overall cue validity effect (.013) was significant, F(1, 28) ϭ 5.77, p Ͻ .05, p 2 ϭ .17. In addition, the cue validity effect was larger for older adults (.024) than younger adults (.005), F(1, 28) ϭ 4.39, p Ͻ .05, p 2 ϭ .14. As in the RT data, the cue validity effect interacted significantly with singleton condition on PE, F(2, 56) ϭ 11.19, p Ͻ .0001, p 2 ϭ .29. Simple main effect analyses revealed that the cue validity effect was significant for the relevant singleton (.028), F(1, 28) ϭ 12.42, p Ͻ .01, p 2 ϭ .31, and for the irrelevant singleton (.010), F(1, 28) ϭ 6.58, p Ͻ .05, p 2 ϭ .19. In contrast, the cue validity effect was negligible for the competing singleton (.004), F Ͻ 1.0.
ERP data analyses. The N2pc effect was analyzed as a function of age group (younger vs. older), singleton condition (relevant, irrelevant, and competing), singleton cue/target location (same vs. different hemifield), and electrode pair (P5/P6, O1/O2, vs. PO5/PO6). In addition to the singleton cue-elicited N2pc effect (200 -300 ms after cue onset), we also analyzed the target-elicited N2pc effect (500 -600 ms after the singleton cue onset).
Cue-elicited N2pc effects. For the singleton cue-elicited N2pc analyses, the N2pc effect was more negative in the relevant singleton condition (Ϫ0.576 V) than in the irrelevant and competing singleton conditions (Ϫ0.015 V vs. 0.011 V, respectively), F(2, 56) ϭ 11.57, p Ͻ .0001, p 2 ϭ .29, indicating a greater amount of attention capture by the cue. We conducted further two-tailed t-test analyses on the cue-elicited N2pc effects for each singleton condition. A significant N2pc effect was obtained for the relevant singleton cue, t(29) ϭ Ϫ4.94, p Ͻ .0001, but not for the irrelevant singleton cue, t(29) ϭ Ϫ0.29, p ϭ .7721, and the competing singleton cue, t(29) ϭ 0.10, p ϭ .9216.
Importantly, younger adults and older adults produced similar patterns of N2pc effects across all three singleton conditions, F Ͻ 1.0. For younger adults, however, there was a small trend for a small, early N2pc effect for the competing singleton cue (see Figure 5 ), which was not evident for older adults. We conducted an additional analysis for this condition using the time window 150 -200 ms after singleton cue onset. This trend was not statistically Grand average difference waveforms, calculated by subtracting activity in electrode sites ipsilateral to the singleton cue location from activity in electrode sites contralateral to the singleton cue location in Experiment 2. Data are plotted as a function of whether the singleton cue and the target were in the same hemifield or different hemifields for the relevant singleton condition, the irrelevant singleton condition, and the competing singleton condition for younger and older adults. The unfilled rectangular boxes indicate the time window used to assess the N2pc effect: 200 -300 ms after cue onset (for the singleton-elicited N2pc effect) and 500 -600 ms after cue onset (for the target-elicited N2pc effect). Negative is plotted upward and time zero represents singleton cue onset. For younger adults, the N2pc effect was larger for both irrelevant and competing singleton cues (Ϫ0.186 V and Ϫ0.399 V, respectively) than the relevant singleton cue (0.095 V). The pattern was reversed for older adults. That is, the N2pc effect was larger for the relevant singleton cue (Ϫ0.085 V) than for the irrelevant and competing singleton cues (0.089 V and 0.056 V, respectively). However, this interaction appears to be based on fairly small effects and suggests no obvious explanation.
The target-elicited N2pc effect was negative when the target and singleton cue were in the same hemifield (Ϫ0.903 V) but was positive when they were in the different hemifield (0.760 V), F(1, 28) ϭ 56.45, p Ͻ .0001, p 2 ϭ .67. This pattern was similar for younger and older adults, F Ͻ 1.0. The interaction between singleton cue-target location and electrode pairs was significant, F(2, 56) ϭ 16. 64, p Ͻ .0001, p 2 ϭ .37, so was the interaction of these variables and age group, F(2, 56) ϭ 3.45, p Ͻ .05, p 2 ϭ .11. The N2pc effect was more negative for the P5/P6 and PO5/PO6 electrode pairs than the O1/O2 electrode pair when the singleton cue and target were in the same hemifield (Ϫ1.068 V, Ϫ1.029 V, and Ϫ0.612 V, respectively), but was more positive when they were in the different hemifields (0.867 V, 0.845 V, and 0.567 V, respectively). This pattern was more pronounced for younger adults than older adults.
Discussion
Experiment 2 examined whether older adults are more easily captured by salient color singletons than younger adults, using the design of Experiment 2) . Prior to the display of the target letters, a color singleton cue display was presented. The singleton cue (a box) could be drawn in the target-relevant color (the relevant singleton cue) or target-irrelevant color (the irrelevant and competing singleton cues). For younger adults, the N2pc effect was substantial for the relevant singleton cue but was absent for the irrelevant and competing singleton cues. Importantly, the cue validity effects converged on the same conclusion. Younger adults produced a substantial cue validity effect (33 ms) when the singleton cue contained the target-relevant color, but not when it contained the non-target color (Ϫ6 ms and Ϫ4 ms for the irrelevant and competing singleton cues, respectively). Combined, both N2pc and behavioral results suggest that, for younger adults, the color singletons did not capture attention involuntarily unless they contained the target-defining feature, consistent with the contingent capture hypothesis.
In the present Experiment 2, older adults also produced results consistent with contingent capture. When the singleton cue was drawn in the relevant color (the color used to find the target), it captured attention and produced an N2pc effect and a cue validity effect (92 ms). When the singleton cue was drawn in the irrelevant color (in the irrelevant or competing singleton conditions), it failed to capture attention. Although older adults produced a trend towards a cue validity effect (15 ms) in the irrelevant-singleton condition, this 15-ms effect was only a small fraction of the effect produced by the relevant singleton (92 ms) and was not significant, t(14) ϭ 1.64, p ϭ .1230. More importantly, the ERP data from older adults showed no sign of capture by the irrelevant-color cue. Thus, these findings suggest that older adults are no more likely to be distracted by salient color singletons than are younger adults.
General Discussion
The present study used both behavioral and electrophysiological measures to examine whether we become more susceptible to capture by salient-but-irrelevant stimuli as we age. We used a cuing paradigm, in which a non-informative cue display appeared prior to the target display. In Experiment 1, a cue display with one target-color cue and one non-target-color cue was used. Although the target-color color cue was non-informative (validly indicating which of the four locations would contain the target on only 25% of trials), it nevertheless captured the spatial attention of younger adults, leading to relatively short RTs when the target subsequently appeared in that same location. In addition, the target-color cue elicited a substantial N2pc effect (an electrophysiological indicator of attention capture). Importantly, these capture effects by the target-color cue were not modulated by a simultaneous abrupt onset appearing elsewhere in the visual field for younger adults.
The main question we asked in this experiment was whether older adults are more likely to be captured by salient abrupt onsets than younger adults. We found no evidence for this claim. Capture by the target-color cue was still evident (i.e., relatively short RTs on valid trials and a substantial cue-elicited N2pc effect) for older adults, even when the target-color cue was pitted against a simultaneous abrupt onset.
In Experiment 2, we examined capture by a different type of salient object-color singletons. A color-singleton cue display was used, with the color singleton drawn in either the target color or a non-target color. As in Experiment 1, the color singleton cue was non-informative (25% valid and 75% invalid). The behavioral data for younger adults showed that only the relevant singleton cue produced a cue validity effect, suggesting that the color singleton cue captured attention only when it matched the target-defining feature. The pattern of N2pc effects provided converging evidence for this conclusion. Importantly, there was no age-related difference in capture by color singletons. Older adults, just like younger adults, demonstrated capture effects only for color singletons that contained the target-defining feature.
The results of Experiments 1 and 2, therefore, suggest that both abrupt onsets and irrelevant color singletons have a similar inability to capture spatial attention, for both younger and older adults, and that the mechanisms underlying contingent attentional capture are preserved with advanced age. These findings conflict with some previous findings that older adults are more easily captured by peripheral cues (e.g., Brodeur & Enns, 1997; Folk & Hoyer, 1992; Greenwood et al., 1993; Lincourt et al., 1997 ; but see Hartley et al., 1990) and by abrupt onsets (e.g., Juola et al., 2000; Pratt & Bellomo, 1999) . In these studies, however, the target was always a singleton. In Greenwood et al. (1993) , for instance, the target was the only object in the target display, presented in the left or right side of the display. Prior to the target display, either an asterisk appeared in the center (the neutral cue) or a left-/rightpointing arrow appeared in the center (the central cue) or on the left or right side of the display (the peripheral cue). Participants performed either a detection task (e.g., detecting a letter "X") or a letter discrimination task (e.g., determining if it was a vowel or a consonant). Thus, it is conceivable that these peripheral cues and abrupt onsets captured attention involuntarily simply because participants had set themselves to look for a singleton. In other words, older adults' data were still consistent with contingent capture and do not necessarily indicate that top-down control of spatial attention declines with age. Indeed, the present study also verified that older adults produce larger cuing effects on RT for stimuli sharing features used to find the target. We propose that older adults are no more likely to be captured by salient stimuli, but when they are captured by stimuli matching top-down control settings, they suffer a larger time cost on invalid trials. Perhaps it takes them longer to disengage from a non-target and shift attention to the target location.
The present findings are, however, consistent with the findings of see also Whiting, Madden, & Babcock, 2007; Whiting, Madden, Pierce, & Allen, 2005) . In that study, the authors examined age effects on the top-down attentional guidance afforded by color singletons, by manipulating the probability of color singletons being the target. In the baseline condition, the singleton was the target on 25% of trials in four-item displays and 17% of trials in the six-item displays. In the guided-search condition, the singleton was the target on 75% of trials in the four-item displays and 83% of trials in the six-item displays. In the baseline condition, RT increased as the display setsize increased, for both younger and older adults. However, this display setsize effect was absent in the guided-search condition for both age groups, suggesting that older adults were able to find the target as efficiently as younger adults.
The lack of age-related differences in capture by abrupt onsets and color singletons in our study suggests that older adults are no more likely to be captured by salient-but-irrelevant objects. Based on the behavioral data alone, it would be conceivable that attentional capture by abrupt onsets and color singletons occurred initially, but then these irrelevant objects quickly released attention back to a neutral position before the target appeared. As a result, one would not observe a cue validity effect on RT for the abrupt onset and the irrelevant color singletons. While the behavioral data cannot test this rapid disengagement hypothesis, the ERP data can. If the onset captured attention away from the target-color cue in Experiment 1, then the N2pc effect elicited by the target-color cue should be eliminated or at least reduced or delayed. In contrast to this prediction, the N2pc effect to the target-color cue was indistinguishable for the onset and no-onset conditions. Older adults exhibited similar results as younger adults. There was also no evidence for rapid disengagement from the irrelevant color singleton in Experiment 2. The irrelevant color singleton cues produced no N2pc effects for both younger and older adults. Both the behavioral and ERP data in our present study provide converging evidence for the lack of bottom-up saliency capture.
Nevertheless, it remains possible that capture by salience does not occur in conditions where top-down control settings are strong but does occur in conditions where top-down control settings are weak or absent (e.g., Jonides & Yantis, 1988; Yantis, 1993) . Perhaps capture by salient objects (e.g., abrupt onset or color singletons) is the default for both younger and older adults, which can be overridden by strong top-down attentional control settings.
Relation to the Inhibitory Deficit Hypothesis
One of the key findings in the present study is that there were no age-related differences in capture by abrupt onsets (Experiment 1) or by color singletons (Experiment 2). These findings indicate that older adults are no more likely than younger adults to be captured by salient-but-irrelevant objects. This conclusion is contrary to the inhibitory deficit view that age-related declines in cognitive performance stem from a general decrement in inhibitory control ability (e.g., Hasher, Lustig, & Zacks, 2007; Hasher & Zacks, 1988) . Inhibitory control processes are critical for keeping attention away from distractors and suppressing processing of these distractors. Evidence for this claim has been gathered from studies showing increased susceptibility to interference by distractors across a wide range of tasks for older adults (e.g., delay in performing tasks with distractions, increased errors in solving word-associate tasks with the presence of distracting words, and impaired memory recall in paired-associate tasks when inhibition of irrelevant information from the previous list is needed; e.g., Lustig, Hasher, & Tonev, 2001; Winocur & Moscovitch, 1983; see Healey, Campbell, & Hasher, 2008 , for a review).
According to the inhibitory deficit view, one might expect that capture by the salient-but-irrelevant cues would be observed for older adults in our study. The apparent inconsistency between our finding and the inhibitory deficit view may reflect the type of inhibition needed to perform the tasks correctly. Perhaps older adults have a particular problem with inhibiting responses activated by irrelevant stimuli, as was needed in most of the studies described above. For example, it seems necessary to inhibit the activation of distractor words in the paired-associate word task. In our study, however, the relevant task was to identify the target letter. The salient-but-irrelevant stimuli related to the target in their location (25% valid vs. 75% invalid) but not their identity. Thus, although participants benefit from not attending the distractors, it would appear that there was little or no need to inhibit any activation of competing responses. A related point is that the task might have been accomplished not by inhibiting capture by irrelevant stimuli, but rather by facilitating capture by relevant stimuli matching the top-down attentional set (i.e., via facilitation rather than inhibition).
Recently, the inhibitory deficit view of age-related decline in cognitive performance has been criticized on several grounds. Rabbitt and his colleagues (e.g., Rabbitt & Anderson, 2006; Shilling, Chetwynd, & Rabbitt, 2002) , for instance, argued that age effects on cognitive tasks reflects changes in fluid intelligence (i.e., the ability to learn new information, solve problem in novel situation, independent of acquired knowledge) not just an inhibitory deficiency. Braver and his colleagues (e.g., Braver & Barch, 2002; Braver et al., 2001; Rush, Barch, & Braver, 2006) , meanwhile, argued that deficits in context processing, rather than inhi-bition, is the single common mechanism underlying age-related differences in cognitive performance.
Implications for Cognitive Aging
Although we conclude that cognitive control over involuntary attention capture is preserved with age, this conclusion should not be overgeneralized. Our findings do not suggest that there is no age-related difference in cognitive control in general. The preserved control might be limited to control over attentional settings, or even just to control of visual attentional settings. There are, however, a few task-switching studies that also showed no age effects in deliberate task preparation (e.g., Hartley et al., 1990; , visual-search studies showing no age effect when participants knew where to focus their attention (e.g., Madden & Gotlob, 1997), and dual-task studies showing greater parallel processing with word recognition for older adults (e.g., Allen et al., 2002; Lien et al., 2006) . Nevertheless, age effects have also emerged in other cognitive domains and tasks (see e.g., Kramer & Madden, 2008 ). An important goal of future cognitive aging research is to determine what differentiates instances of impaired and preserved cognitive control with age.
One important contribution of our present study is the use of the electrophysiological approach (e.g., ERP measures) to advance our understanding of cognitive control and how it changes with age. Interpreting age effects obtained with traditional behavioral measures (e.g., RT) can be challenging because these measures are subject to many alternative explanations. Consequently, researchers have had difficulty distinguishing between age-related changes in specific cognitive processes and a generalized slowing of all cognitive processes (e.g., Salthouse & Madden, 2008) . Although researchers have made some progress using clever manipulations and control conditions, the situation is still far from optimal. The ERP approach provides a powerful supplement to the traditional behavioral approach. The ERP measures provide online, continuous measures of covert cognitive processes and are not necessarily impacted by generalized slowing.
Conclusions
The present study examined the possibility that, because attentional control declines with age, older adults are more likely to be captured by salient objects. We assessed capture by irrelevant abrupt onsets in Experiment 1 and by irrelevant color singletons in Experiment 2, using electrophysiological and behavioral measures. Both measures converged on two key conclusions. First, results support the contingent capture view, indicating that involuntary attentional capture is driven primarily by top-down control settings rather than stimulus saliency. Second, although older adults were much slower overall, they did not differ from younger adults in the quality of contingent capture. That is, involuntary attention capture remains strongly contingent on top-down control settings across the lifespan.
